Abstract: Zea mays L. is one of the biggest cropping systems among the sustainable development agronomy. Pollen from this crop source is unexplored and apiculture can be a good partner adding value to the product and creating new jobs helping to solve some social issues as unemployment. However, food safety is crucial, thus the aim of this study was to explore the flavonoid/phenolic profiles from Z. mays L. pollen as a fingerprint for this plant identification and also to demonstrate how the method of bee pollen samples (honeybee collected pollen) is applied. For this purpose, several sources of Z. mays L. pollen were analyzed, including corn hybrids and genetic modified samples collected at the breeding fields. For this work, samples were taken at several years from 2000 to 2012 and collected from different countries and locations, such as Portugal, Mexico and Brazil. Results showed, for the first time, that the fingerprint (flavonoid/phenolic profile) for Z. mays L. pollen does not change over the time of sampling neither with the region of harvesting. The high performance liquid chromatography-diode array detector (HPLC/DAD) fingerprints of phenolic/flavonoid extract from Z. mays remain unchanged for all samples analyzed from different countries, hybrids and/or genetic modified plants. This is also the first study reporting these phenolic compounds not only in pollen collected directly from hybrid plants, but also in Z. mays bee pollen. The described fingerprinting method is easy, fast and accurate for the characterization of Z. mays L. pollen samples and complete microscopic analysis because it is species-specific.
Introduction
 Zea mays L. is one of the world's most important crops. It is an annual grass from the Poaceae family that grows rapidly in fertile lands [1] . The huge amount of pollen could be used adding value to this product.
An easy way to get pollen from flowers in high level production is the use of honeybees to make the collection. These mixtures of pollen vary widely in composition, but when the bees harvest the pollen in
The recent development of corn varieties not only for industrial purposes, but also for pharmaceutical applications, turns corn and its pollen as attractive targets for research [6] . Consequently, the bee pollen from Z. mays L. is a potential source for the development of pharmaceuticals and nutraceuticals.
Several studies have been reported on the chemical composition of corn pollen. For instance, regarding to sugars, sucrose comprises 98% of the soluble carbohydrates and 5% of pollen fresh weight. For the remaining sugar portion, the amount of fructose and glucose is inversely proportional to sucrose depending on the storage conditions. Proline is the most abundant free amino acid, but also serine and alanine exist in appreciable quantities. Pollen is also the corn tissue with the greatest concentration of sterols, with a chemical profile mainly represented by 24(28)-methylene-sterols and small amounts of castasterone and other brassinosteroids [7] .
In addition to lipids and proteins, small aromatic molecules, such as carotenoids, jasmonates (lipid-derived compounds), flavonoids, phenolic acids and most of the classic phytohormones, have been detected in pollen. From all those compounds, only flavonols, a specific class of flavonoids, have a demonstrated a role in pollen germination [7] . Virtually, all pollens accumulate flavonoids, often to very high levels. Although flavones are absent from corn pollen, particular forms of flavonol glycosides are stored and seem to be exclusive from this reproductive structures [8] . This glycosides are mainly derived from kaempferol, quercetin and isorhamnetin [9] , and the quercetin-3,3'-O-diglucoside is identified as the most abundant in Z. mays L. pollen [7] .
Despite some previous reports on the flavonoid/phenolic content of corn pollen [8, 10] , to the best of our knowledge, there is no research on Z. mays L. pollen flavonoids profile in hybrid or genetic modified cultivars as well as in corn bee collected pollen. Thus, the aim of this study was to characterize flavonoid/phenolic profiles from Z. mays L. pollen, from hybrids and genetic modified plants, as a fingerprinting reference for both plant and bee pollen.
Materials and Methods

Materials
Portuguese hybrid samples were provided by Silas Samples of Z. mays L. pollen loads from bee pollen mixtures, were firstly separated by color [11, 12] and selected for microscopic and high performance liquid chromatography-diode array detector (HPLC/DAD) analysis in order to obtain its monofloral origin.
Z. mays L. pollen, purchased from Sigma, was analyzed as a standard reference.
Methods
Preparation of Pollen for Microscopy
Bee pollen was processed according to the methods described in Ref. [13] . Dry pollen loads of 2 g of a sample (this is a pool of circa 300 pollen loads) were mixed with 70% ethanol to complete 13 mL, and sonicated for 5 min. The sediment obtained after centrifugation (1,500 rpm/15 min) was extracted with ethanol, and sonicated again. A solution of distilled water/glycerin 1:1 was added to the sediment to complete 13 mL, and left for about 30 min.
Preparation of Microscope Slides
One drop of the well-mixed pollen grain suspension was applied on a microscope slide, covered with a cover slide and sealed with enamel. The slides were maintained in a horizontal position for 10 d or more before start to dryness.
General Experimental Procedures
Sample Preparation
10 mg of dried pollen of each sample were sonicated in an ethanol-water solution (1 mL, 50% v/v) for 60 min. The resultant mixtures were centrifuged at 5,000 rpm for 10 min, and the supernatants were used for HPLC/DAD analysis as previously described in Refs. [11, 13] and for oxygen radical absorbance capacity (ORAC) assays as described in Ref. [14] .
HPLC/DAD Analysis
Extracts (20-50 µL) were analyzed on a Gilson 170 and Waters Spherisorb ODS2 (5 µm) column (4.6 µm × 250 mm) by an acidified acetonitrile-water gradient at 0.8 mL/min flow rate, and the column temperature stated at 24 °C. Standard chromatograms were plotted at λ max = 260-340 nm. These wavelengths were chosen, because flavonols and flavones, the main compounds in pollens, have two characteristic bands of ultraviolet absorption close to these values. Spectral data for all peaks were accumulated in the range of λ max = 220-400 nm (the phenolic/flavonoid spectra are all in this display) using DAD (Gilson 170). The apparatus are HPLC system (Gilson) and DAD with Unipoint software, and Jasco V-530 UV/VIS spectrophotometer with "Spectra Manager" software.
The phenolic profile of each sample was made up of all compounds resolved in its respective chromatogram. The structural information of each compound was made by direct comparison of retention time and ultraviolet absorption spectra according to the information compiled by Campos and Markham [15] .
Isolation of Z. mays L. Pollen Compounds
The isolation of flavonoids was carried out with bee pollen samples and used as markers for the other source of pollen used in the assays. Pellets of species-specific pollen were fragmented in EtOH:H 2 O (1:1) with ultrasound, and the dispersed pollen grains left to extract overnight. The extracts were separated by thin layer chromatography (TLC) using Whatman chromatography paper 3MM. The extracts were submitted to centrifugation before application on sheets of Whatman 3MM chromatography paper for one dimension separation. As development solvent, 15% of aqueous acetic acid was used. Each compound was prepared for further study by chromatography on a C-18 reversed phase column using water-acetonitrile gradient and checked for purity by HPLC/DAD according to Markham and Campos [16] .
Nuclear Magnetic Resonance (NMR) Analysis
For the full structure elucidation, NMR spectra were carried out in Bruker AC apparatus at 300 MHz with isolated compounds solved in DMSO-d 6 and with tetramethylsilane (TMS) as internal standard at 30 °C [17] .
ORAC Assay
The ORAC procedure used an automated plate reader (Synergi HT, Bio TeK, USA) with 96-well plates [14, 18] . Analyses were conducted in a pH 7.4 (75 mM) phosphate buffer at 37 °C under condition with a blank sample in parallel. The extracts were diluted with sodium phosphate buffer (75 mM, pH 7.4). Peroxyl radical was generated using 2, 2'-azobis (2-amino-propane) dihydrochoride (AAPH) aqueous solution, which was prepared for each run (153 mM). Fluorescein was used as substrate (40 nM). The ORAC analyzer was programmed to record the fluorescence of fluorescein every minute after addition of AAPH. All fluorescent measurements were expressed relatively to the initial reading. Fluorescence analysis conditions were performed as follows: excitation at 493 nm (filter 485/20) and 515 nm (filter 528/20). The standard curve was linear between 6.25 µM and 100 µM Trolox®. The final results were calculated using the differences of areas under the fluorescence decay curves between the blank and a sample, and were expressed as µM TE/g bee pollen.
Results and Discussion
To get the maximum commercial value and quality of bee pollen to be exploited as a nutraceutical or as a vegetal matrix with therapeutic value, it is important to define characteristics that can be used as a passport, which will define their identity (ID) in various countries.
To contribute to this ID of Z. mays L. bee pollen, in this work, it was carried out with microscopic analysis and HPLC/DAD fingerprints supplemented with ORAC analysis. Still missing macro-(proteins, carbohydrates and lipids) and micro-nutrients (as vitamins, minerals, etc.), they will be included in the passport to complete the full data.
Microscopic Analysis
As a start point, the microscopic analysis provides the first approach to the identification of the pollen floral origin. The main characteristics, as size, shape and ornamentation compared with the available data published and the pollen hand collected from the plant, will provide enough information to complete this step.
As an example, images of fresh Z. mays L. pollen grains are presented in Fig. 1 . They are spheroidal with a smooth surface (exine) and present one porus provided with an annulus. Its content was mainly composed of amyloplasts.
HPLC/DAD Analysis
General HPLC/DAD profile (fingerprint of the phenolic and polyphenolic compounds, including flavonoids) obtained with the samples is presented in Fig. 2 . Samples, as Anjou hybrid No. 246 from Portugal and Mexico, bee pollen from Durango (Mexico) and from the states of São Paulo and Mato Grosso (Brazil), show the same fingerprint of the flavonoid profile by HPLC/DAD. Other samples displaying the same flavonoid profile are the entire 1st group-Pigarro assay (smooth white grain)/Portugal, the 2nd group-three simple hybrids (HS's)/Portugal, the 3rd group-Azores regional corn/Portugal and the 5th group-"Amiúdo" corn (smooth yellow grain) from Portugal obtained by the project "Population Improvement" and "Recurrent Selection" for national add value genetic resources.
The seven flavonoids shown in Fig. 2 The right side pollen grain at a higher magnification, presents its unique porus with a smooth annulus. Amiloplasts are visible inside and dispersed between the pollen grains ((left side of the figure). Markham [15] was a precious help to draw the first approach to the flavonoid structures of those compounds. They were then isolated by paper chromatography, and the NMR analysis finalized the information on the structures, confirming the previous hypothesis proposed by the Campos and Markham [15] and the data published in the literature. Those rules applied to these compounds involve predetermined evidence as explained in the following. The ultraviolet spectra presented two clear bands of absorption, near λ = 250 nm (band II) and λ = 350 nm (band I), showing that the main structure was a flavone and/or flavonol-3-derivative. To distinguish them, the intensity on the absorption was used. If band I is more intense than band II in general, it is a flavone (C3 with hydrogen); and if it is the inverse, band I less intense than band II, it is a 3-substitued flavonol but different from a free OH. The substituents at C3 in these cases are mainly glycosides, but phenolic acids can also be the substituents. In this last situation, band I will be higher than band II and the shape will be similar to the phenolic acid itself.
Other important rule comprises the shape of band II are the more probably possibilities [15] . If an exact match for the spectrum can be found, but the retention time (RT; min) differs, then it is likely that the unknown diverges from the reference only in the number or nature of sugars attached to the glycosylated site, or in the nature of a substituent, e.g.,
O-methyl compared with O-ethyl, or presence/absence
of an aliphatic acyl group on a sugar. If the unknown is eluted faster than the reference (i.e., has a lower RT), then because the chromatographic solid phase is non-polar relative to the polar solvent, this indicates that the unknown is more polar (e.g., contains more sugars or a sugar of higher polarity). Conversely, if the unknown is eluting slower than the reference (i.e., higher RT), then the unknown is less polar (e.g., contains fewer sugars or a sugar of lower polarity or contains an aliphatic acyl group). In the event that no exact match for the absorption spectrum can be found amongst the reference spectra, a close match may indicate that the unknown is related to the reference, perhaps with the same oxygenation pattern but with a different substitution pattern. If the spectra present a shoulder between 280-310 nm, a free 7-OH is possible, and by the contrary if this does not exist, it could be caused by a 7-O-glycosilation [15] .
With regard to compound identification, a reliable proof of identity of an unknown with a reference compound requires comparison via a minimum of three characters. RT and an absorption spectrum comprise only two, and ideally any identification should include one other technique as well, for example, TLC, or a mass spectrum or a NMR spectrum as was carried out in this work.
Following these rules, the ultraviolet spectra of the compounds provided by the HPLC/DAD obtained with the hidroalcoholic extract of Z. mays L. pollen gave several quercetin derivatives. The main, were flavonols identified as quercetin-3,7-O-glucoside (compound 1), quercetin-3,7,3'-O-diglucoside (compound 2) and quercetin-3,3'-O-diglycoside (compound 3). These data are consistent with the previous reports by other authors [9] .
From the ultraviolet (UV) spectral information, compound 1 (RT = 31.68 min) with λ max = 254, 265sh and 350 nm (where 254 nm and 350 nm is the maximum of absorption for band I and band II, respectively, and 265sh is a shoulder in band II that correspond to band IIa), compound 5 (RT = 36.69 min) and compound 7 (RT = 38.69 min) are quercetin-3-O-glycosides. The absorption at λ = 254 nm and a shoulder at λ = 265 nm, is a typical oxygenation pattern in B-ring at 3', 4', and band I with a λ = 350 nm and lower than band II corresponds to 3-O-derivatives. However, compound 1 differs from the other two in the absence of shoulder absorption λ between 280 nm and 310 nm, meaning that C7 is substituted, corresponding in this case to quercetin-3,7-O-glucoside. Comparing the retention times and the NMR data, compounds 6 and 7 are quercetin-3-O-sophoroside and quercetin-3-O-glucoside, respectively.
Compound 2 (RT = 34.06) and 3 (RT = 35.4), are also quercetin-3-O-glucosides, but with other substitutions in addition to the compounds mentioned above. They keep the main absorption points at λ = 254, 265 and 350 nm, but now with an inversion at the intensity in band IIb and IIa, λ max = 254sh, 265 and 350 nm (where the maximum of UV absorption in the spectrum are the point 265 nm and 350 nm, corresponding to band IIa and band I, the shoulder is located at 254 nm correspond to band IIb), seen in spectra 2, 3 and 4 of Fig. 3 . This provides the information that a substitution at C6, C8 or C3' can occur, being the main difference that implies the decrease polarity (increasing the retention time) in the sugar residue. From all the analysis carried out, this compound was identified as quercetin-3-O-glucoside-3'-O-diglucoside.
Compound 3 (RT = 35.4 min) with an ultraviolet spectra with λ = 254sh, 265 and 350 nm, was detected as the main flavonoid in all extracts. From the reading of these values, it was clear that the decrease of UV absorption of band I related to the intensity of band II indicates a possible substitution in C3 at λ max = 350 nm, as already referred for the previous spectra. The appearance of two points of absorption in band II (IIb = 254sh, IIa = 265 nm) is indicative that in the B-ring exist a double substitution usually in 3' and 4'. From the chemical shift made with the isolated compound and boric acid (for the C7 hydroxide) and sodium methoxyl (for C4' hydroxide), the shift occurred in both A and B ring. The proposed structure, quercitin-3-O-glucose-3'-glucoside, is line with other authors cited above in the text.
Compound 4 (RT = 36.19; λ max = 252.6, 265.5 and 343.8 nm), and compound 6 (RT = 38.18; λ max = 254, 265sh and 353 nm), are isorhamnetin-3-O-glycosides. Compound 4 present both λ max = 252.6 nm and 265.5 nm with the same intensity of absorption, however between them an intense valley is observed and this is generally indicative of a methoxy-substitution. The increased intensity of band IIa to the same value of band IIb, is induced by the glycosidic substitution at 4'.
In this case, the compound was isorhamnetin-3-O-glucoside-4'-O-diglycoside.
In this case, comparing values present in this paper with the authors' previous published data, the compound could be identified as isorhamnetin-3-O-diglycoside, and suggested neohesperidoside as the dyglycoside. In Ref. [4] , the authors presented this isolated compound from maize pollen, as phagostimulant in Z. mays pollen.
Compound 5 (RT = 36.69) and compound 7 (RT = 38.69) are quercetin-3-O-dyglycoside and quercetin-3-O-glucoside, respectively, absolutely in line with Ref. [9] with the ultraviolet spectra, presenting the same shape and corroborating the same oxygenated pattern and substitution at C3 [15] .
Compound 6 is an easy ultraviolet spectra, similar to many others described in the literature for isorhamnetin-3-O-glycosides [15] and after acidic hydrolysis, the aglycone reveals to be free isorhamnetin.
The spectra and structure of the compounds separated by HPLC/DAD are presented at Fig. 3 and corroborate the data explained above, based on this UV and NMR results in comparison with literature on known corn pollen and other floral flavonol glycosides.
As discussed above, this crude material can be explored with various purposes. One of them can be related to therapeutic applications. Kim and Mullin [7] cited a patent made with pollen flavonoids as active components for a plurality of functions for promoting health. The invention includes an extract of Typhae pollen prepared by a plurality of extraction processes, which will be applied to create a medicine [19] .
The complete analysis of all the cited Z. mays L. pollen sources (different hybrids, transgenic and non-trangenic samples, plants from various countries breeding at different years of harvesting) confirms the previous published data that the low level of variability of the pollen phenol profiles throughout the genus Zea supports the proposal that maize and some teosintes are conspecific groups, and also indicates that the pollen phenol composition is highly conserved in the different taxa of Zea [8] . This information allows the use of the profile shown in Fig. 2 for the passport/ID (identification) of Z. mays L. bee pollen for commercial purposes as suggested at the beginning of this paper.
ORAC Analysis
The ORAC was only carried out with fresh samples (two Brazilian samples) and can be used as preliminary information for further studies involving the full quality control of the product. Free scavenging bioactivity was already carried out with DPPH given an EC 50 = 7.42 µg/mL by Chantarudee et al. [20] that is near the authors' previous results, EC 50 = 10.3 µg/mL in a mixture with a high prevalence of Z. mays L. [10] .
The results of antioxidant activity by ORAC method were between 142.66 ± 8.02 TE/g and 232.40 ± 6.02 mM TE/g of bee pollen. Arruda et al. [14] determined the antioxidant activity of bee pollen from Cocos nucifera sp. and found values between 132.98 mM TE/g and 575.85 mM TE/g of dehydrated bee pollen. Another reference was the folder from Brunswick Laboratory (October 16, 2002) , citing results identical to those determined in pollen (not specified if it was dehydrated). The laboratory compared the data obtained for the antioxidant activity with the values of other foods. It is for the High Desert® bee pollen a value of 247 mM TE/g bee pollen (High Desert Bee). Among the other foods, the highest value was obtained for black raspberry (164 mM TE/g sample), followed by pomegranate (105 mM TE/g sample). The results for the bee pollen samples from Z. mays sp. were higher than the majority of foods referenced in USDA first database of antioxidant activity for 277 selected foods using ORAC methodology, and comparable to chocolate products derived from the same table.
The bioactivity shown in the ORAC is important to reveal the freshness of the compounds for further studies as start point to evaluate the state of conservation of the matrix. Nevertheless, they could also give important information for the development of research correlated to diseases that are caused by free radicals. It is known that the antioxidant activity itself is not enough to cure those situations, but could be good startup information about the potential of some of these molecules. Until there, consumers eat the dry product and the freshness during the transport could be done using this method or even DPPH [21, 22] .
Conclusions
The results showed that it was obtained the same profile for all the samples, indicating that the fingerprint (flavonoid/phenolic profile) for Z. mays L. pollen is independent from the collection sites and species (hybrids and transgenic). It is the first time that these data are published and this is also the first study reporting these phenolic compounds not only in pollen collected directly from various hybrid plants but also in Z. mays bee pollen.
The described fingerprinting method based on the flavonoid/phenolic profile is an extremely useful tool for the characterization of corn pollen, and proved to be a unique and potent methodology that could support and substitute the microscopic analysis.
Further studies will be developed with the main metabolic groups as proteins and aminoacids, glucides, lipids, vitamins and minerals to complete the full passport of the characteristics of Z. mays L. bee pollen.
At this stage of the studies, it is possible to conclude that pollen phenolic profile of maize is a highly conserved chemical marker in the different races and varieties from different countries, since they have essentially the same profile, in spite of the intensive genetic manipulation that men have carried out on the species for thousands of years, and also in spite of the recent but impressive transgenic manipulation, which has not impact on this chemical markers. That conservation can be observed not only in maize (Z. mays subsp. mays) but in all other taxa forming the genus Zea (teosintes), as it has been corroborated in the discussion above.
